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ABSTRACT
We present a new analysis of very deep Chandra observations of the galaxy cluster Abell 1795. Utilizing
nearly 750 ks of net ACIS imaging, we are able to resolve the thermodynamic structure of the Intracluster
Medium (ICM) on length scales of ∼ 1 kpc near the cool core. We find several previously unresolved structures,
including a high pressure feature to the north of the BCG that appears to arise from the bulk motion of Abell
1795’s cool core. To the south of the cool core, we find low temperature (∼ 3 keV), diffuse ICM gas extending
for distances of ∼ 50 kpc spatially coincident with previously identified filaments of Hα emission. Gas at
similar temperatures is also detected in adjacent regions without any Hα emission. The X-ray gas coincident
with the Hα filament has been measured to be cooling spectroscopically at a rate of ∼ 1M yr−1, consistent
with measurements of the star formation rate in this region as inferred from UV observations, suggesting that
the star formation in this filament as inferred by its Hα and UV emission can trace its origin to the rapid cooling
of dense, X-ray emitting gas. The Hα filament is not a unique site of cooler ICM, however, as ICM at similar
temperatures and even higher metallicities not cospatial with Hα emission is observed just to the west of the Hα
filament, suggesting that it may have been uplifted by Abell 1795’s central active galaxy. Further simulations
of cool core sloshing and AGN feedback operating in concert with one another will be necessary to understand
how such a dynamic cool core region may have originated and why the Hα emission is so localized with respect
to the cool X-ray gas despite the evidence for a catastrophic cooling flow.
1. INTRODUCTION
Deep, high resolution X-ray observations of the intracluster
medium (ICM) in massive galaxy clusters have demonstrated
that even apparently “relaxed” galaxy clusters are commonly
subject to a litany of disruptions near the central cores, which
in turn play an important role in understanding the present day
thermodynamic structure of the ICM. Even cool core clus-
ters which have remained largely undisturbed on long time
scales (& 1Gyr) have been observed to host a wealth of sub-
structures in their centralmost regions. Cool cores are com-
monly observed to be subject to disruptions from minor merg-
ers. The signatures of past mergers can be observed long af-
ter the ICM phases from the two sub-clusters are apparent
and distinct from one another. Many galaxy clusters host spi-
ral shaped substructures, which have been predicted to arise
from the “sloshing” motions of a cool core (e.g. Ascasibar &
Markevitch 2006; ZuHone et al. 2010) that occur after a clus-
ter merger with a non-zero impact parameter. This offers a
second way to uplift low entropy gas from the cool cores of
galaxy clusters. Larger scale sloshing motion of cool cores
is often observed contemporaneously with the central clus-
ter galaxy hosting an active nucleus (AGN) (e.g. Ehlert et al.
2011; Blanton et al. 2011), and the cumulative impact of these
two processes operating in tandem may provide even more
profound disruptions to the cool core. These sloshing motions
have also been suggested to play an important role in sup-
pressing central cooling flows in galaxy clusters without ob-
vious signatures of AGN feedback (see McNamara & Nulsen
2007, 2012, for reviews of AGN feedback) and may generate
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significant turbulence in the ICM (ZuHone et al. 2013). One
of the ideal targets to study the effects of cool core sloshing
along with AGN feedback is the galaxy cluster Abell 1795
(z = 0.062). This nearby, bright galaxy cluster has a deep en-
semble of multiwavelength data, and these observations have
shown a wealth of activity near the cool core. In particular, a
pair of Hα filaments has been observed to extend for distances
of ∼ 50 kpc to the south of the BCG (e.g. Cowie et al. 1983;
Fabian et al. 2001; Maloney & Bland-Hawthorn 2001; Craw-
ford et al. 2005; Jaffe et al. 2005). McNamara et al. (1996);
Salome´ & Combes (2004), and McDonald & Veilleux (2009)
resolved the UV, molecular gas, and Hα emission into fila-
ments rather than a single “stream”. These Hα filaments are
also the sites of UV and cold gas (e.g. McNamara et al. 1996;
Salome´ & Combes 2004; McDonald & Veilleux 2009; Mc-
Donald et al. 2012b,a) and bright X-ray emission (e.g. Fabian
et al. 2001; Ettori et al. 2002). The BCG of Abell 1795 is a
powerful radio source with resolved jets observed to its north-
east and southwest (4C 26.42, e.g. van Breugel et al. 1984; Ge
& Owen 1993). Although this cluster has a nominal cooling
rate of ∼ 100M yr−1 (Ettori et al. 2002), measurements of the
cooling rate in the X-rays and star formation rate in the opti-
cal/UV suggest that only ∼ 1 − 5% of this nominally cooling
gas is forming stars (McDonald & Veilleux 2009; McDonald
et al. 2012b,a).
In addition to these deep optical and UV studies, extremely
deep observations of Abell 1795 (z = 0.062) with the Chan-
dra X-ray telescope have been obtained as part of its ongoing
calibration efforts, resulting in ∼ 730 ks of net exposure. The
only galaxy clusters with similar levels of exposure time are
Perseus (Sanders & Fabian 2007; Fabian et al. 2008, 2011),
M87 in the Virgo Cluster (Forman et al. 2005; Million et al.
2010; Werner et al. 2010, 2012), and Abell 2052 (Blanton
et al. 2011). This extremely deep data set enables a high res-
olution investigation into the thermodynamic structure of this
cluster’s ICM on spatial scales approaching the native Chan-
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2dra pixel resolution (0.492′′ per pixel, equivalent to 580 pc at
Abell 1795’s redshift of z = 0.062) and correlate X-ray struc-
tures with small scale features observed at other wavelengths
with an unprecedented level of detail. Additionally, we are
able to place new and important constraints on the large scale
thermodynamic structure of the cluster and its influence on
the cool core.
In this paper we present the first high resolution thermody-
namic mapping of Abell 1795 utilizing all of the calibration
data available as of August 2013. The structure of this pa-
per is as follows: in Section 2 we discuss our processing of
the data, and in Section 3 we discuss features observed in the
images. In Section 4 we discuss the methods we use to pro-
duce our spectral maps, and in Section 5 we present these
maps. In Section 6 we discuss the implications of these re-
sults. While this paper focuses on the core regions of Abell
1795, a companion paper discussing the large scale thermody-
namic structure of the cluster is currently in preparation. For
this study, all cosmological calculations assume a model with
H0 = 71 km s−1 Mpc−1, Ωm = 0.27, and ΩΛ = 0.73.
2. DATA PREPARATION
A total of 52 Chandra observations of Abell 1795 were
performed using the Advanced CCD Imaging Spectrometer
(ACIS) between March 2000 and June 2013. With the excep-
tions of observations 493 (PI A. Fabian), 494 (PI A. Fabian),
and 10432 (PI B. Maughn), all of these observations were
taken by the Chandra calibration team in order to monitor the
build-up of molecular contamination on the ACIS filters. The
standard level-1 event lists produced by the Chandra pipeline
processing were reprocessed using the CIAO (version 4.5)
software package, including the appropriate gain maps and
calibration products (CALDB version 4.5). Bad pixels were
removed and standard grade selections were applied to the
event lists. We used the additional information available in
VFAINT mode to improve the rejection of cosmic ray events
whenever the data were taken in that mode. The data were
cleaned to remove periods of anomalously high background
using the standard energy ranges and binning methods rec-
ommended by the Chandra X-ray Center (CXC). Information
regarding the observations utilized including their net expo-
sure times after processing are summarized in Table 1.
3. IMAGING ANALYSIS
The final background subtracted, exposure-map corrected
image of Abell 1795 is shown in Figure 1. To produce this
image, we first determined the background for each observa-
tion utilizing blank sky event files provided by the CXC. We
then co-added the 52 net count images and exposure maps to
produce co-added counts images and exposure maps. We then
divided the final counts image by the final exposure map to
produce the final background subtracted, exposure corrected
image. Images that focus on the substructures within the cool
core are shown in Figure 2, which shows the surface bright-
ness image in Figure 2(a) as well as a high pass filtered image
of Abell 1795 to highlight small scale structures in Figures
2(b) and 2(c). To produce the high pass filtered image, we
performed a Fourier transform on the image, multiplied the
transformed image by the function
F(k) =
(
k
k0
)2
1 +
(
k
k0
)2 (1)
where k is the distance from the image origin in frequency
space, and then transformed the image back into real space.
For this image, we have set the scale length k0 = (2pi/15 ′′).
These imaging data reveal several clear features. The most
notable features are located near the core of the cluster. The
X-ray surface brightness morphology traces the shape of the
Hα filament extremely well. While the Hα filaments appear to
correlate with the very brightest component of the structures
to the south of Abell 1795’s BCG, diffuse gas apparently as-
sociated with these filaments at similar surface brightness is
observed to the west of the Hα emission. We also identify a
hook shaped feature just to the west of the southern tip of the
Hα filament, previously identified in Crawford et al. (2005).
There appears to be a break in the surface brightness between
the hook and the main filament, which makes it unclear as
to whether or not these two structures are connected physi-
cally to one another. Visual inspection of these images does
not show any compelling evidence of cavities in the X-ray
beyond the two located in the immediate vicinity of the radio
jets (see Figure 2(c)), with the possible exception of the region
just to the north of the hook, which could plausibly denote the
boundary of a cavity. However, as discussed in Crawford et al.
(2005) there are no optical or radio counterparts associated
with this region, and its origin remains unclear. Additional
larger scale radio observations will be required to determine
whether this cavity is coincident with radio emission consis-
tent with jets. It also is clear that there is a distinct edge in
surface brightness just to the north of the BCG in the band-
pass filtered image.
4. SPECTRAL ANALYSIS
4.1. Methods
The Chandra observations of Abell 1795 enable us to carry
out detailed, spatially resolved measurements of the thermo-
dynamic quantities of the ICM at high spatial resolution. All
spectral analysis was carried out using XSPEC (Arnaud 2004,
version 12.5).
4.1.1. Regions of Interest
Spatially resolved spectral maps for the cluster were ex-
tracted in regions determined by the contour binning algo-
rithm of Sanders (2006), which creates bins of equivalent
signal-to-noise, following contours in surface brightness.
We have produced our default thermodynamic maps for
this study at a signal-to-noise of 100 (approximately 10,000
counts per bin across all observations). We have also pro-
duced maps at a signal-to-noise of 50 to offer even higher spa-
tial resolution maps immediately surrounding the BCG. We fit
all of the spectra for each bin simultaneously with our chosen
model, as the different aimpoints lead to sizable observation-
dependent variations in the Chandra detector response at a
particular sky position.
4.1.2. Modeling the Emission
All spectral regions were initially modeled as a single tem-
perature optically thin plasma using the MEKAL code of Kaas-
tra & Mewe (1993) incorporating the Fe-L calculations of
Liedahl et al. (1995) and the photoelectric absorption mod-
els of Balucinska-Church & McCammon (1992). We used the
determinations of solar element abundances given by Lodders
(2003). The abundances of metals (Z) were assumed to vary
with a common ratio with respect to the Solar values. The
single-temperature plasma model has three free parameters:
3Table 1
A list of the Chandra observations of Abell 1795 utilized in this study. The columns are: 1) the Chandra observation ID # ; 2) the date of the observation; 3) the
right ascension of the observation aimpoint, in degrees (J2000); 4) the declination of the observation aimpoint, in degrees (J2000); 5) the net exposure time of
the observation after all processing; (6) the distance from the observation aimpoint to Abell 1795’s BCG, in arcminutes; and (7) the primary ACIS detector of
the observation.
(1) (2) (3) (4) (5) (6) (7)
Obs ID # Date RA (aim) DEC (aim) Exposure (ks) Distance (′) Detector
493 2000-03-21 207.2051 26.6076 19.38 1.06† ACIS-S
494 1999-12-20 207.2349 26.6071 17.47 1.20† ACIS-S
3666 2002-06-10 207.2037 26.5756 12.65 1.35† ACIS-S
5286 2004-01-14 207.2293 26.6097 14.29 1.11† ACIS-S
5287 2004-01-14 207.2292 26.6097 14.30 1.11† ACIS-S
5288 2004-01-16 207.2288 26.6099 14.49 1.11† ACIS-S
5289 2004-01-18 207.2294 26.6125 14.95 1.26† ACIS-I
5290 2004-01-23 207.2534 26.7021 14.95 6.75 ACIS-I
6159 2005-03-20 207.1369 26.6793 14.85 6.71 ACIS-I
6160 2005-03-20 207.2058 26.6076 14.84 1.04† ACIS-S
6161 2005-03-28 207.3310 26.5182 13.59 7.59 ACIS-I
6162 2005-03-28 207.1998 26.6061 13.60 1.21† ACIS-I
6163 2005-03-31 207.1984 26.6046 14.85 1.22† ACIS-I
10432 2009-03-16 207.3580 26.4632 5.10 10.87 ACIS-I
10898 2009-04-20 207.1952 26.5362 15.73 3.68 ACIS-I
10899 2009-04-22 207.0909 26.5818 14.92 6.86 ACIS-I
10900 2009-04-20 207.1963 26.5921 15.82 1.17† ACIS-S
10901 2009-04-20 207.2007 26.4286 15.47 9.97 ACIS-S
12026 2010-05-11 207.1953 26.5820 14.92 1.42† ACIS-I
12027 2010-03-16 207.1473 26.6864 14.85 6.71 ACIS-I
12028 2010-05-10 207.1979 26.5832 14.97 1.26† ACIS-S
12029 2010-04-28 207.1965 26.5880 14.33 1.21† ACIS-S
13106 2011-04-01 207.2004 26.6026 9.91 1.07† ACIS-S
13107 2011-04-01 207.2003 26.6026 9.64 1.08† ACIS-S
13108 2011-03-10 207.2097 26.6126 14.86 1.19† ACIS-I
13109 2011-03-11 207.1635 26.6947 14.58 6.71 ACIS-I
13110 2011-03-11 207.2095 26.6125 14.58 1.19† ACIS-I
13111 2011-03-11 207.1614 26.6938 14.58 6.71 ACIS-I
13112 2011-03-11 207.1938 26.6397 14.58 3.03 ACIS-I
13113 2011-03-11 207.1778 26.6669 14.58 4.87 ACIS-I
13412 2011-05-22 207.3265 26.6639 14.86 7.17 ACIS-I
13413 2011-05-29 207.3188 26.6722 14.85 7.15 ACIS-I
13414 2011-05-29 207.2490 26.5994 14.57 1.69† ACIS-I
13415 2011-05-29 207.3283 26.6627 14.58 7.20 ACIS-I
13416 2011-05-30 207.1734 26.5560 14.58 3.31 ACIS-I
13417 2011-06-02 207.1353 26.5015 14.86 7.11 ACIS-I
14268 2012-03-26 207.2049 26.6037 9.93 0.91† ACIS-S
14269 2012-04-08 207.2006 26.5978 9.94 0.96† ACIS-S
14270 2012-03-25 207.2010 26.6074 14.28 1.21† ACIS-I
14271 2012-03-25 207.1484 26.6469 13.98 4.89 ACIS-I
14272 2012-03-25 207.1218 26.6662 14.58 6.73 ACIS-I
14273 2012-03-26 207.3146 26.5044 14.58 7.47 ACIS-I
14274 2012-04-02 207.0984 26.6341 14.88 6.85 ACIS-I
14275 2012-04-07 207.3479 26.5538 14.88 7.38 ACIS-I
15485 2013-04-21 207.1963 26.5912 9.94 1.18† ACIS-S
15486 2013-04-22 207.1962 26.5911 9.65 1.18† ACIS-S
15487 2013-06-02 207.1997 26.5755 14.63 1.49† ACIS-I
15488 2013-04-10 207.1284 26.6140 14.58 4.95 ACIS-I
15489 2013-04-08 207.0970 26.6268 14.58 6.78 ACIS-I
15490 2013-04-17 207.3536 26.5730 14.89 7.39 ACIS-I
15491 2013-04-18 207.0896 26.5813 14.89 6.93 ACIS-I
15492 2013-04-15 207.3540 26.5801 14.58 7.34 ACIS-I
4Figure 1. Background subtracted, exposure corrected Chandra image of Abell 1795 in the energy band of 0.5 − 8.0 keV utilizing all 730 ks of net exposure, in
units of photons cm−2pixel−1. The green cross denotes the position of the BCG.
5(a) (b)
(c)
Figure 2. Small scale features in the core of Abell 1795. Top: The same image as Figure 1, zoomed in to focus on smaller scale structures near the cool core.
Overlaid in cyan are the contours of the previously identified Hα filament (e.g. McDonald & Veilleux 2009). The “hook” is observed just to the west of the
southern tip of the Hα filament and labeled. In order to optimize the spatial resolution, this image only includes observations with aimpoints within 2′ of the
BCG, which constitutes ∼ 342 ks of exposure time. Bottom Left: The resulting surface brightness image after applying a high frequency bandpass filter to the
image in 2(a). The “hook” just to the west of main tail is more apparent here as well as the apparent break in surface brightness between the “hook” and the
neighboring Hα filament. Overlaid in cyan are the contours of Hα emission. It is clear that the tail of dense X-ray gas is significantly wider than the Hα filament
to the west, although the Hα is located at the site of the brightest X-ray emission. Bottom Right: The same image as in 2(b), but with 1.4 GHz radio contours
from Ge & Owen (1993) overlaid in cyan. Depressions in the X-ray surface brightness are observed coincident with the radio jets, although these two cavities
are the only two definitively observed in this image.
6the temperature (kT ), the metallicity (Z), and normalization
(N).
In each region, the spectral analysis assumed a fixed Galac-
tic absorption column of 1.21 × 1020 cm−2 (Kalberla et al.
2005). The modified Cash statistic in XSPEC (Cash 1979; Ar-
naud 2004) was minimized to determine the best fit model
parameters and uncertainties. All uncertainties given are 68%
(∆C = 1) confidence intervals, unless otherwise noted. We ac-
count for the background in our spectral fits using both blank-
sky Chandra observations provided by the CXC, renormal-
ized such that the count rates between the Abell 1795 obser-
vations and the blank sky files are the same in the 9.5−12 keV
energy band.
Whenever we perform a deprojected fit, we used the PRO-
JCT mixing model in XSPEC, which simultaneously fits mod-
els to the spectra from multiple annuli while accounting for
the geometric contributions of one annular shell into neigh-
boring shells. Since the uncertainties between the tempera-
ture/density measurements in deprojected spectral fits are cor-
related with one another, we determine statistical uncertain-
ties on model parameters using a Markov-Chain Monte Carlo
(MCMC) analysis within the XSPEC framework.
4.1.3. Thermodynamic Quantities
Several thermodynamic quantities can be calculated di-
rectly from the best fit MEKAL model parameters. The elec-
tron density (ne), pressure (P), and entropy (K) of the ICM are
derived from the MEKAL temperature (kT ) and normalization
(N) as
n2e =
4pi × 1014 (1 + z)2 D2AN
1.2V
(2)
P = kTne (3)
K = kTn−2/3e (4)
where the cosmological value of the angular diameter distance
DA is 243 Mpc at the cluster redshift. The volume of the
region was estimated as
V = D3AΩ
√
θ2max − θ2min (5)
where θmax,min are the maximum and minimum angular dis-
tances of any point in the region to the center of the cluster,
respectively, and Ω is the solid-angle extent of the region in
the sky (Henry et al. 2004; Mahdavi et al. 2005). For depro-
jected regions, we calculate the volume as the volume of the
spherical shell from which the spectrum was extracted.
Since the uncertainties on the temperature are considerably
larger than those on the density (∼ 5 − 10% for the temper-
ature as compared to ∼ 1% for the densities), the fractional
uncertainties on the pressure and entropy are similar to the
corresponding temperature measurement.
5. SPECTRAL RESULTS
5.1. Temperature Structure
Temperature maps for Abell 1795 are shown in Figure 3.
These maps show a clear tail of cool (∼ 2 − 3 keV) gas trail-
ing to the south of the brightest gas and BCG. It is clear that
the Hα filaments are spatially coincident with this cool gas.
However, it is clear from both temperature maps that the cool
gas is not uniquely situated to the Hα filaments, as spatially
resolved regions at similar temperatures of ∼ 2 − 3 keV are
detected immediately to the west of the Hα filament. This is
especially clear in our SN50 map (Figure 3(c)), where there
are more than 10 independent regions to the west of the Hα
filaments that are measured to have similar temperatures as
the gas within the Hα filaments. To more clearly differentiate
the temperature structure of the cool core, we present a higher
zoom and contrast temperature map in Figure 4 designed to
present temperature variations in the vicinity of the Hα fila-
ments.
In order to understand the extent to which we can measure
a cooling flow at the site of the Hα filaments, we extract the
X-ray spectrum from this region and fit it with a cooling flow
model (PHABS(MEKAL+MKCFLOW) in XSPEC). The specific
region we chose is shown in Figure 5. The lower tempera-
ture of the cooling flow model was fixed to 0.1 keV, while
the upper temperature was tied to the MEKAL’s temperature.
The metallicities of the two components were also tied to-
gether. Across the entire region where the Hα filament is de-
tected we measure a cooling flow of M˙ = 3.32±0.24M yr−1.
Excluding the core region immediately surrounding the BCG
we measure a cooling flow rate of M˙ = 1.08 ± 0.19M yr−1.
This latter result is in good agreement with estimated star for-
mation rates derived from UV observations of this region,
which imply an extinction corrected star formation rate of
M˙SFR = 1.4±0.2M yr−1 in the filament (excluding the region
surrounding the BCG) assuming a Salpeter IMF (McDonald
et al. 2011).4 Based on the changes in the C-statistic as com-
pared to a single-temperature model (∆C = 31 for 1 additional
degree of freedom), the addition of a cooling flow is a statis-
tically significant improvement to the fit. The overall value
of the C-statistic for this fit is 22961 with 25596 degrees of
freedom, suggesting that is a formally a “good” fit to the data.
To the north of the BCG, there is little evidence for gas at
temperatures below ∼ 4 keV beyond the sharp surface bright-
ness edge, suggesting this edge is in fact a cold front resulting
from the cool core’s bulk motion northward.
5.2. Pressure Structure
The projected pressure structure of Abell 1795 is shown in
Figures 6(a) and 6(b). Both of these maps show that the fila-
ment observed in the temperature structure is not readily ap-
parent in its pressure, suggesting that this filament region is in
approximate thermal pressure equilibrium with its surround-
ings, at least in projection.
There is a clear detection of a north-south asymmetry in the
pressure structure of the ICM surrounding the cool core. As
shown in Figure 6(b), significantly higher pressures are mea-
sured immediately to the north of the cool core compared to
the azimuthal average. The highest pressure is located well
to the north of the X-ray surface brightness peak (which is
also the site of the BCG and the brightest Hα emission). We
further examine the thermodynamic structure of the ICM near
this feature by extracting the profiles for the surface bright-
ness, projected and deprojected temperature, and pressure
across the northward direction, the results of which are shown
in Figures 7 and 8. The surface brightness profile shows two
very clear breaks in its slope: the first of these breaks is associ-
ated with a region of low temperature (∼ 1.5 keV) ICM which
abruptly transitions to much higher temperatures (∼ 3.5 keV).
4 Assuming an IMF that is not as “top-heavy” as a Salpeter results in a star
formation rate of M˙SFR = 0.7 ± 0.2M yr−1, still in good agreement with the
X-ray cooling flow.
7(a) (b)
(c)
Figure 3. Projected temperature structure of the ICM in Abell 1795, in units of keV. In all three images the white contours denote the previously observed Hα
filaments. Top: Wide field temperature map of Abell 1795, using a constant signal-to-noise of 100. The measurement uncertainties are at the ∼ 5 − 10% level
at this signal-to-noise. Lower Left: The same temperature map as the top image, zoomed in to show the region immediately surrounding the BCG. Cool gas is
spatially coincident with the Hα filaments, but cool gas extends further in the east-west direction than Hα emission. Bottom Right: The same temperature map
as the lower left image binned with a lower signal-to-noise threshold of 50. It is especially clear in this image that the cool tail is both spatially resolved and
significantly wider than the Hα filaments.
8Figure 4. The same temperature map of Figure 3(b) further zoomed in to
show the temperature structure immediately surrounding the cool core. It is
clear from this figure that the tail of ∼ 2 − 3 keV ICM is significantly wider
than the Hα filament and that there is a sharp edge in the temperature structure
immediately to the north of the BCG.
Figure 5. Bandpass filtered image of Abell 1795 that shows the elliptical
region we used to measure the spectroscopic cooling rate within the Hα fil-
ament. Within the locus of the cyan ellipse, we find significant evidence for
spectroscopic cooling of the X-ray gas at a rate of ∼ 1M yr−1.
Such a feature suggests the presence of a cold front Marke-
vitch & Vikhlinin (2007) just to the north of the BCG, the
origin of which is the northward motion of the cool core.
The second of these surface brightness breaks occurs approx-
imately 20 kpc further to the north of the cold front. The
sudden flattening of the surface brightness in this region is
suggestive of a shock front. We can determine an estimate for
the velocity of the cold front using the measured pressure dif-
ference across the cold front as an estimate of the ratio for the
free stream pressure (p1 = 0.022 keV cm−3, radial bin #3 in
Figure 8(c)) and at the stagnation point (p0 = 0.048 keV cm−3,
radial bin #2 in Figure 8(c)), which allows us to calculate the
Mach number associated with its motion as (Landau & Lif-
shitz 1959; Markevitch & Vikhlinin 2007)
p0
p1
=
(
γ + 1
2
)(γ+1)/(γ−1)
M2
[
γ − γ − 1
2M2
]−1/(γ−1)
(6)
whereM is the Mach number in the free stream and γ = 5/3
is the adiabatic index of the ICM gas. We calculate that for
the observed pressure jump of p0/p1 ∼ 2.2 that we expect a
Mach number ofM ∼ 1.35. Because a fraction of this pres-
sure difference arises from the differences in the gravitational
potential at these different radii, this represents an upper limit
as to the Mach number of the cold front’s motion5. We can-
not, however, confirm the presence of this shock using the
measured temperature and pressure profiles. While the de-
projected temperature and pressure profiles do indeed show
some weak evidence for shock heating at the site of the sec-
ond surface brightness jump, this jump does not appear in the
projected temperature profile, suggesting that it is most likely
an artifact of our deprojection procedure. Deeper data that
is able to resolve the temperature structure on smaller length
scales better suited to its width (as measured in the surface
brightness profile) will be required to confirm the presence of
a shock at this location.
5.3. Entropy Structure
Projected entropy maps for Abell 1795 are found in Figures
6(c) and 6(d). While the Hα filament region is coincident with
the lowest entropy gas, it is not the exclusive site of such low
entropy gas. Similar to what is observed in the temperature
maps, ICM gas at similarly low entropies is also observed
to the west of the Hα filament. The entropy of the tail re-
gion is considerably lower than the ambient ICM at similar
clustercentric distances to the north, however, consistent with
McDonald et al. (2010).
The entropy structure of the cool core region has a high
degree of asymmetry in the north-south direction. In partic-
ular, the entropy gradient in the southward direction is much
steeper and more pronounced than to the north, suggesting
that there may have been some additional source of heating to
the north of the BCG. Such an asymmetry is consistent with
what is observed in the surface brightness profile of the clus-
ter at larger scales with Suzaku (Bautz et al. 2009), where the
cluster is noticeably brighter to the north than to the south.
5.4. Two-Temperature Fits and Metallicity Structure
5 This particular formula for the pressure jump across the cold front im-
plicitly assumesM > 1, and a different formula is used forM < 1. However,
when we calculate the expected sub-sonic Mach number it also implies su-
personic motion, suggesting that the pressure jump across the cold front is
simply too large to arise from a subsonic cold front.
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Figure 6. Projected pressure (top row) and entropy (bottom row) structure of the ICM in Abell 1795, in units of keV cm−3 and keV cm2, respectively. As in the
previous figures, the white contours denote the position of the Hα filaments. Uncertainties in the pressure and entropy are approximately ∼ 5 − 10%. Top Left:
The wide field pressure map of Abell 1795. Top Right: The pressure structure near the central core of Abell 1795. Anomalously high pressure region is detected
approximately 5.5′′(∼ 6 kpc) to the north of the cool core, the approximate location of which is denoted by the black, dashed, annular wedge. It is also clear from
this image that the Hα filament has the same apparent thermal pressure as its surroundings. Bottom Left: The wide field entropy structure of Abell 1795. Bottom
Right: The entropy structure in the core of Abell 1795. While the Hα filament is coincident with the lowest entropy gas, the ICM immediately surrounding the
Hα tail has similar entropy values. There is also a clear north-south asymmetry to the entropy structure, with the entropy gradients being much sharper to the
south than to the north.
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(a) (b)
Figure 7. Surface brightness profile of Abell 1795 to the north of the BCG, in the direction of the candidate shock front. Left: The X-ray image of Abell 1795’s
core overlaid (in black) with the regions used to determine the surface brightness profile across the shock front. Right: The surface brightness profile (in units of
cts arcsec−2 as a function of distance from the BCG in kpc. The inner and outer vertical dashed lines denote the boundaries of the cold front and the candidate
shock front, respectively. It is clear that at distances of ∼ 30kpc from the BCG that there is a sharp break in the slope of the surface brightness profile suggestive
of compression by a shock front.
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(a) (b)
(c)
Figure 8. Temperature and pressure structure to the north of the BCG, the same direction as the cold front. The inner and outer dashed vertical lines denote the positions of the cold
front edge and candidate shock front detected in the surface brightness profile, respectively. The dashed curves denote the 68% confidence interval for the fit parameters, and the stars
denote the centers of the annular regions utilized to determine these profiles. Top: The X-ray image of the core of Abell 1795 overlaid (in black) with the regions used to determine
the deprojected temperature profile across the candidate shock front. Bottom Left: Projected (blue crosses) and deprojected temperature profile (black solid and dashed lines) along the
northern direction, as a function of distance from the BCG. The clear jump in temperature beyond the cold front is apparent. A small jump in the deprojected temperature is observed
in the candidate shock front region that is not observed in the projected temperature profile. Bottom Right: The deprojected pressure profile along the north of Abell 1795. The high
pressure jump associated with the cold front is clear, and is roughly a factor of two larger than the observed pressure outside of the cold front region. A break in the pressure profile is
also observed at the site of the candidate shock front, but deeper data will be necessary to confirm the presence of a shock at this location.
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We show the metallicity map of the ICM for Abell 1795 in
Figure 10. For this map, each SN100 bin was fit with a two-
temperature model where both phases have a common metal-
licity. The two-temperature fits are shown in Figure 9, and are
generally consistent with the results of the single-temperature
model fits. These results further confirm that gas at similar
temperatures are found in both the Hα filament and immedi-
ately to the west of the filament, and suggest the ICM in the
Hα filament can reach as low as ∼ 1.8 keV. Uncertainties on
the metallicity from these fits are at the ∼ 15 − 20% level. As
this figure shows, the metallicity near the core of Abell 1795
is consistently measured to have a value of Z ∼ 0.6 − 0.7Z.
One structure of interest is immediately to the south of the
western radio lobe, where a region of higher (Z ∼ Z) metal-
licity is observed, which may be associated with the uplift of
metals from the BCG region. This is further suggested by the
relatively low metallicity (Z ∼ 0.3Z) immediately surround-
ing the BCG. Observations of AGN feedback in other clusters
have shown that metal rich regions are often found coincident
with the edges of radio lobes, likely from the uplift of metal-
rich gas by the AGN jets (e.g. Simionescu et al. 2009; McNa-
mara & Nulsen 2012). We emphasize that this high metallic-
ity is coherently measured across three independent regions in
our map, and not simply based on the measurement in a single
region.
6. DISCUSSION
6.1. The Origin of the Hα Filaments
The Chandra observations clearly show ICM at tempera-
tures of ∼ 3 keV and high densities separated from the BCG.
After escaping the sphere of influence of central AGN feed-
back, this ICM should cool down to star-forming tempera-
tures (∼ 10 − 100 K) on short time scales. With these data
we are able to robustly measure the X-ray cooling flow in the
Hα filament, which shows that the spectroscopic cooling rate
for this region is in good agreement with the UV derived star
formation rate. Such a connection suggests that these Hα fil-
aments may be primarily powered by star formation that re-
sults from the cooling flow of X-ray gas down to star forming
temperatures. This scenario is also consistent with the line
ratios measured in McDonald et al. (2012a), as there is suf-
ficient UV emission to account for all of the observed Hα
emission in this filament (McDonald & Veilleux 2009). A
similar spatial coincidence between cool X-ray emitting gas
and Hα filaments has been seen in a stripped tail behind the
galaxy ESO 137-001 falling into the cluster Abell 3627 (Sun
et al. 2007). The stripped gas trailing behind ESO 137-001
is a site of star formation taking place outside of the galaxy
within the ICM, and our data are consistent with this same
picture occurring just to the south of Abell 1795’s BCG. It is
not clear from these observations alone whether or not such a
scenario of stripping+radiative cooling is common in galaxy
clusters, and high-resolution studies of other clusters will be
necessary to understand how unique this physical situation is.
Since the Hα tail extends out in the opposite direction of the
observed radio jets, these data disfavor a scenario where the
central AGN outburst is responsible for these filaments. There
is also no compelling evidence that cavities in the X-ray emis-
sion from a previous outburst are detected on the length scales
of the filament. One potential site for a larger scale cavity is
the hook shaped feature located just to the west of the Hα fil-
ament’s southern tip, although larger scale radio observations
at lower frequencies will be necessary to associate this feature
with a previous AGN outburst, given that these Chandra ob-
servations show no other obvious signatures for this feature
being a cavity.
While the data are consistent with a scenario where the
coolest, densest X-ray emitting gas in the Hα filament re-
gion eventually cools to star forming temperatures, it is not
clear why only a fraction of the coolest X-ray gas appears to
host star formation (i.e. why the Hα filament is so localized
as compared to the ∼ 2 − 3 keV tail). All of the gas in this
tail is at similar temperatures and entropies, so naively one
expects this entire tail to cool homogeneously. Small scale
physics of the ICM such as turbulence or magnetic fields op-
erating differently in the eastern and western halves of this
tail is the likely the source for such differences. Turbulence
does not appear to be a significant contributor in the eastern
half of the X-ray tail given the narrow, linear structure of the
Hα filament, but the data do not provide any clues regarding
the structure of turbulence in the western half. It is possible
that the central AGN outburst may be a source of turbulent
heating and mixing in the western half of the tail. We find
that the cool X-ray gas begins lacking Hα emission just to the
south of the observed radio jets. This particular ICM gas (the
cool ICM not associated with the Hα filament to the west of
the Hα filament) also appears to be especially rich in metals,
suggesting that it may have been uplifted from the BCG by
AGN feedback similarly to what is observed in clusters such
as Hydra A and MS 0735.6+7421(e.g. Simionescu et al. 2009;
McNamara & Nulsen 2012). The uplift of this gas initially lo-
cated around the BCG may provide sufficient turbulence to
suppress the collapse of X-ray gas that would otherwise cool
down to star forming temperatures. This would also account
for the needed second source of heating and mixing required
by the measured ratios of O I/Hα and N II/Hα observed here
(McDonald et al. 2012a), and is also consistent with CO ob-
servations of this same region (Salome´ & Combes 2004; Mc-
Donald et al. 2012b), which show that cold molecular hydro-
gen is present in the Hα filaments but not to the west of the
filaments.
Based on the physical arguments discussed in Fabian et al.
(2001); McDonald & Veilleux (2009), the Hα filament most
likely arose from a “cooling wake”, where X-ray bright ICM
cools around the motion of the BCG. While the measured
spectroscopic cooling rate of X-ray gas in the Hα filament
is consistent with this picture, the evidence for high speed
motion of the cool core and the wider X-ray tail presented
here may suggest a more complex picture where ram pres-
sure stripping of the cool core (and not only the BCG) may
be responsible for the full extent of the ∼ 3 keV tail of ICM.
This ICM tail is roughly the same width as the cool core it-
self, which is broadly consistent with expectations from the
ram pressure stripping of a cool core. The obvious asymme-
try across the eastern and western halves of this tail at other
wavelengths, however, disfavor a scenario where the cool core
is being uniformly stripped by ram pressure.
6.2. The Cold Front
As stated above, the cooling wake scenario proposed by
Fabian et al. (2001) to account for the Hα filaments is strongly
corroborated by these deeper observations of Abell 1795,
which provide strong evidence for a cold front arising from
the northward motion of the BCG. The large pressure jump
across the cold front and the observed break in the surface
brightness approximately 20 kpc to the north of the cold front,
however, suggest that the cool core may be traveling through
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(a) (b)
Figure 9. Temperature structure in the core of Abell 1795 using a two-temperature model fit. These two figures have identical color bars. Left: The lower of the
two temperatures in our two-temperature fit. Right: The higher of our two temperatures. Regions in white have no significant emission measure at temperatures
below ∼ 6 keV and do not require more than a single temperature to account for their spectra. These maps show that the ICM just to the south of the BCG reaches
temperatures as low as ∼ 1.8 keV and is equally distributed between the Hα filament and the adjacent region without Hα emission.
Figure 10. Metallicity structure of the core region of Abell 1795, in solar
units. The metallicity was determined for each region by fitting the SN100
data with a two-temperature models whose metallicities were tied together.
Overlaid in blue are the Hα filament contours while the radio contours are in
magenta. Uncertainties in the metallicities with these fits are at the ∼ 15%
level. The highest metallicity gas is located immediately to the south of the
radio lobes and to the west of the Hα filament, while the gas immediately sur-
rounding the BCG is poorer in metals than the surrounding ICM, suggesting
that metal-rich gas may have been uplifted by the central outburst.
the ICM at supersonic velocities. Further data will be nec-
essary to conclusively resolve the presence of the bow shock
predicted from this supersonic motion, however, as we cannot
resolve the temperature and pressure structure of the ICM on
sufficiently small scales to conclusively identify the presence
of a shock.
Despite the evidence from the cold front and surface bright-
ness profile for supersonic motion, it is doubtful that the en-
tire cool core is traversing at the these inferred speeds. The
stripped tail of cool gas behind the BCG in Abell 1795 is only
resolved out to distances of ∼ 50 kpc despite the extremely
deep exposure time and high spatial resolution of these Chan-
dra observations, which suggests that cool gas is likely absent
at larger radii as opposed to being unresolved due to limited
photon statistics or spatial resolution. The free-fall velocity
(vff(r) =
√
2GM(< r)/r) of the cool core from a distance of
∼ 50 kpc is calculated to be nearly a factor of two or three
lower than the speed of the cool core as inferred from these
observations (using the mass profile for this cluster presented
in Vikhlinin et al. 2006), which suggests that it is physically
impossible for sloshing alone to be responsible for the cool
core’s measured speed. It is also likely that any merger capa-
ble of accelerating the cool core to these velocities is likely to
destroy the cool core outright (ZuHone; private communica-
tion). An infalling merger from larger distances may account
for the necessary velocity, but such a scenario is disfavored by
optical observations of this cluster. Usually in such a merger
both the main cluster and the infalling subcluster initially host
their own constituent galaxy population, including indepen-
dent BCG’s. There is no evidence for a second BCG in Abell
1795 in public Hubble or Sloan Digital Sky Survey images of
Abell 1795, suggesting that no galaxy group scale (or larger)
substructures are present in this cluster. Additionally, the
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galaxies initially hosted by the subcluster would continue to
traverse northward through the main cluster ICM without be-
ing subject to the same drag forces as the cool core, separating
from the cool core in the process. Since we observe no excess
of galaxies to the north of the cool core, this also disfavors
a scenario where the supersonic cool core is the remnant of
an infalling galaxy group from beyond ∼ r500. With these
data we cannot explictly rule out a merger where the subclus-
ter contains only diffuse gas with no galaxies, but given the
necessary density of the cool gas such a merger would be dis-
favored on physical grounds. AGN feedback also likely plays
a role in the extreme pressure jump across the cold front that
we observe, as the radio jets are localized to precisely the re-
gion of this cold front. Careful modeling of AGN feedback in
a cluster when the BCG is in motion with respect to the large
scale cluster potential well will be required, however, to un-
derstand precisely how AGN feedback may locally accelerate
the ICM in the cluster core. Further simulation work on cool
core sloshing will also be necessary to confirm the expected
velocities we expect for cool cores undergoing sloshing and
the impact those motions may have on the core itself.
No matter what the cool core’s bulk speed is, it is likely
that this cool core will continue to be subject to major dis-
ruptions by the surrounding ICM. The final extent to which it
will be diminished remains unclear, however. It is even pos-
sible that the bulk motion of the cool core may be sufficient
to ultimately destroy it outright, although new hydrodynamic
simulations that incorporate a more complete understanding
of the astrophysics of the ICM will be required to better un-
derstand the nature of this merging galaxy cluster.
7. FUTURE PROSPECTS
Because Abell 1795 is the target of ongoing Chandra cali-
bration observations, deeper Chandra data will become avail-
able over the telescope’s remaining lifetime. These additional
observations may allow for even higher resolution thermo-
dynamic mapping and additional high precision analyses to
be performed, including resolving the metallicity structure on
smaller scales. In particular, the additional counts may pro-
vide the signal-to-noise needed to more conclusively the ther-
modynamic structure and nature of the candidate shock front
to the north of the BCG. A companion study that utilizes these
same data to probe the large scale thermodynamic structure of
Abell 1795 is currently in preparation, which will allow us to
connect these features observed at the center of the cluster to
its larger scale thermodynamic structure.
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